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(57) ABSTRACT

A manual pump apparatus and method for extracting breast-
milk 1s disclosed. A pump head comprises a funnel-shaped
breast shield portion and a neck portion leading to a collec-
tion container. A deformable elastic component 1s sealed
within an opening formed in the neck portion and manipu-
lated by a mechanical actuation device to engage the user’s
nipple within the pump head to simulate the suckling of an
infant and to compress the nipple to control edema. The
deformable elastic component 1s configured to move 1nto the
interior volume of the neck portion under an applied pres-
sure such that the deformable elastic component compresses
the nipple to control nipple edema. The deformable elastic
component 1s also configured to move away from the axial
center of the neck portion under an applied pressure to create
a volume to create suction and extract breastmilk in a
manner that closely replicates the suckling of an infant.
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1
MANUAL BREAST PUMP

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional

Application No. 62/927,365, filed Oct. 29, 2019, which 1s
incorporated herein by reference 1n 1ts entirety.

FIELD OF INVENTION

The present invention relates generally to milking and
breast pump devices and, more particularly, to breast pumps,
and specifically, manual breast pumps, for lactating females
designed to mimic the natural suckling action of an infant
during breast-feeding.

BACKGROUND OF THE INVENTION

Newborns and infants experience immediate and long-
term benefits from breast milk feeding that are well docu-
mented. (See Cunningham A. S., Jellitie D. B., Jellifie E. F.,
Breast feedmg and health 1n tle 1980s: a global ep1demio-
logical review. Journal of Pediatrics. 1991, 118: 659-666).
These benefits include providing protection against many
illnesses caused by allergies, bacteria and viruses, such as
stomach viruses, respiratory illnesses, ear infections, men-
ingitis and the like. (See Fallot M. E., Boyd J. L., Oski F. A.,
Breast-feeding reduces imncidence of hospital admissions for
infection 1n infants. Pediatrics. 1980, 65:1121-1124). Breast
milk feeding also may increase intelligence and fight obe-
S1ty.

Nursing mothers may desire to impart the above-noted
benefits of breast milk to their infant when the two are
separated. Additionally, traditional nursing may not be pos-
sible or convenient at all times and locations. Thus, to
extract breast milk to later feed to the infant, nursing
mothers can use a breast pump. The extracted breast-milk
can be fed to the infant using a bottle fitted with an artificial
teat.

All current commercial breast pumps, including both
manual and electric breast pumps, use vacuum (1.€., negative
air pressure) applied to the mother’s breasts to extract milk.
The use of vacuum to extract breast milk 1s completely
different than the natural suckling action of the infant, 1n
which the infant’s mouth 1s filled only with liquid, and no
air. Worse still, breast pumps using only vacuum can cause
significant pain to the mother, or even edema 1n nursing
mothers, which mhibits the collection and even production
ol breastmilk.

Therelore, 1t 1s desirous to provide an improved approach
to breast pumps that more closely mimic the natural suckling
action of the mnfant and does not cause pain or edema.

SUMMARY OF THE

INVENTION

The present invention provides a manual breast pump that
more closely mirrors the natural suckling action of an infant,
and, as a result, improves upon the collection of breastmilk
generally associated with breast pumps.

According to embodiments of the present invention, a
device for extracting breastmilk from a breast, such as a
breast pump, comprises an external shell including a funnel-
shaped portion configured to receive and seal against the
breast; a neck portion extending from the funnel-shaped
portion and defining a proximal end and a distal end, said
neck portion being adapted to receive and position a mipple
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of the breast, and a feed channel defined at the distal end of
the neck portion. A deformable elastic component 1s sealed
into the neck portion with a first surface facing an interior of
the neck portion and a second surface facing away from the
interior of the neck portion. The first surface of the deform-
able elastic component 1s configured to deform into the
interior volume of the neck portion when pressure 1s applied
to the exterior second surface of the deformable elastic
component 1n a direction toward an axial center of the neck
portion such that the first surface of the deformable elastic
component compresses the mipple against an opposing inte-
rior solid surface of the neck portion to control mipple
edema. The first surface of the deformable elastic compo-
nent 1s also configured to deform away from the axial center
ol the neck portion when pressure 1s applied to the exterior
second surface of the deformable elastic component 1n a
direction away from the axial center of the neck portion and
thus to create a volume within the neck portion, external to
the deformable elastic component, around and in front of the
nipple, to create suction and extract breast milk.

In preferred embodiments, the neck portion includes an
opening 1n which the deformable elastic component 1s seated
and sealed. As positioned 1n said opening, the first surface of
the deformable elastic component preferably extends across
the opening. Still turther, the deformable elastic component
1s preferably hermetically sealed into the neck portion. In
alternate embodiments, the deformable elastic component
can be detachable from the pump head, but still preferably
sealed when attached.

In embodiments of the present invention, the deformable
clastic component comprises a single unitary, hermetic unait.
In alternate embodiments, the deformable elastic component
1s composed of multiple components, sealed together, and
configured to function as a single unitary, hermetic unit. The
deformable elastic component can comprise a single imper-
meable polymeric membrane, bladder, a hollow capsule, or
the like, sealingly mounted relative to an opening in the neck
portion of the external shell. The deformable elastic com-
ponent can be filled with air, a gas, a liquid, a gel, or the like,
and be manipulated under pressure using a mechanical
actuator means, such as a handle and pushrod combination.

According another aspect of the present invention, a
milking machine comprises an external shell including a
funnel-shaped portion configured to receive and seal against
a breast; a neck portion extending from the funnel-shaped
portion and defining a proximal end and a distal end, said
neck portion being adapted to receive and position a mipple
of the breast; and a feed channel defined at the distal end of
the neck portion. A deformable elastic component 1s sealed
into the neck portion with a first surface facing an interior of
the neck portion and a second surface facing away from the
interior of the neck portion. A mechanical actuation device,
controlled by the user, 1s operatively connected to the second
surface of the deformable elastic component. The first
surface of the deformable elastic component 1s configured to
deform into the interior volume of the neck portion when
pressure 1s applied to the exterior second surface of the
deformable elastic component 1n a direction toward an axial
center of the neck portion such that the first surface of the
deformable elastic component compresses the nipple against
an opposing interior solid surface of the neck portion to
control nipple edema. The first surface of the deformable
clastic component 1s also configured to deform away from
the axial center of the neck portion when pressure 1s applied
to the exterior second surface of the deformable elastic
component 1n a direction away from the axial center of the
neck portion and thus to create a volume within the neck
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portion, external to the deformable elastic component,
around and 1n front of the nipple, to create suction and
extract breast milk.

These and other objects, features and advantages of the
present 1nvention will become apparent in light of the
detailed description of embodiments thereof, and as 1llus-
trated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross-sectional view of a breast pump
head 1n accordance with an embodiment of the present
invention, including a funnel-shaped breast shield section, a
neck portion, a deformable unitary elastic capsule bonded at
its sides 1nto a pocket 1n the neck portion, a one-way valve,
a breastmilk collection container, and further having a
handle operatively connected to the exterior top surface of
the deformable unitary elastic capsule by a pushrod.

FIGS. 2A and 2B show a planar cross-sectional view and
a radial sectional view, respectively, of a portion of the
breast pumping head of FIG. 1, illustrating the shape and
configuration of a deformable unitary elastic capsule 1n
accordance with embodiments of the present invention.

FIGS. 3A-3F show cross-sectional views of a portion of
a breast pump head, having the same features as 1n FIG. 1
in accordance with embodiments of the present imnvention,
containing a flexible element disposed and hermetically
bonded between the pocket 1n the neck portion of the breast
pump head and the deformable umtary elastic capsule to
provide increased displacement of the deformable elastic
capsule relative to the neck portion beyond simple defor-
mation of 1ts shape.

FIGS. 4A and 4B show a planar cross-sectional view and
a radial sectional view, respectively, of a portion of a breast
pump head in accordance with another embodiment of the
present 1invention, including a neck portion, a deformable
composite elastic capsule having, at least, bottom and top
polymeric membranes, each hermetically bonded at 1ts sides
to the sides of the pocket in the neck portion, a one-way
valve, a breastmilk collection container, and further having
a handle operatively connected, by a pushrod, to the exterior
top surface of the deformable elastic membrane.

FIGS. SA and 5B show a planar cross-sectional view and
a radial sectional view, respectively, of a portion of a breast
pump head in accordance with another embodiment of the
present invention, mcluding a neck portion, a deformable
impermeable polymer membrane hermetically bonded at 1ts
sides to the sides of the pocket in the neck portion, a
one-way valve, a breastmilk collection container, and further
having a handle operatively connected, by a pushrod, to the
exterior surface of the deformable polymer membrane.

FIGS. 6A and 6B show a planar cross-sectional view and
a radial sectional view, respectively, of a portion of a breast
pump head in accordance with another embodiment of the
present invention, mcluding a neck portion, a detachable
deformable composite capsule hermetically pressure-sealed
at 1ts sides 1nto a tapered pocket in the neck portion, a
one-way valve, a breastmilk collection container, and further
having a handle operatively connected, by a pushrod, to the
exterior top surface of the deformable polymer membrane.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The following descriptions of the figures will convey
details of construction and operation of a manual breast
pump 1n accordance with the present invention.
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As described herein, the terms “proximal” and “distal” are
used 1n their medical sense and directionally with respect to
the user. Thus, “distal” 1s farthest from the user, and the
“distal portion” of the nipple 1s the portion drawn deepest
into the pump. “Bottom,” “lower” or “down” are generally
used 1n reference to the orientation illustrated in the figures,
and signily a direction toward the breastmilk collection
container. Conversely, “top,” “upper’ or “up” refer to a
direction away from the breastmilk collection container.

Referring to FIG. 1, an assembled breast pump head for
extracting breastmilk in accordance with the present inven-
tion 1s generally designated as reference numeral 100. The
breast pump head 100 generally comprising an external shell
that includes a funnel-shaped breast shield portion 110
configured to receive and seal against a breast (not shown 1n
FIG. 1). As illustrated, the funnel-shaped breast shield
portion 110 narrows and transitions to a roughly cylindrical
and hollow neck portion 140 defining a proximal end located
adjacent to the funnel-shaped breast shield portion 110 and
a distal end positioned away from the funnel-shaped breast
shield portion 110. The neck portion 140 1s adapted to
receive and position a nipple of the breast for extraction of
breastmilk. Preferably, the distal end of the neck portion 140
1s closed off, for example, by a distally curved portion 130,
so that a channel 1s formed within the pump head 100 which
feeds, at the distal end of the neck portion 140, to a feed
channel 150. In operation, when a breast (not shown in FIG.
1) 1s placed 1n the pump head 100 to extract breastmilk, the
breastmilk will feed through this feed channel 150, then
though a one-way check valve 160 to be collected 1n a
removable collection container 120, such as a baby bottle
that can be topped off with a mipple for feeding an infant.

In accordance with preferred embodiments of the 1llus-
trated pump head 100, the breast pump 1s manually operated.
In this regard, the user eflectuates the extraction of breast
milk by manipulating a mechanical actuation device, such as
a handle 230, the operation of which 1s described 1n more
detail below. Although generally described herein with ret-
erence to a manual breast pump, the present mnvention has
utility with electric, hydraulic, pneumatic, and other “auto-
matic” breast pumps without departing from the spirit and
principles of the present invention.

Referring again to FIG. 1, the neck portion 140 of the
pump head 100 includes a top interior surface 170 and a
bottom 1nterior surface 175 forming a hollow and nominally
cylindrical interior volume adapted to receive a nipple (not
shown 1n FIG. 1) when the user’s breast 1s inserted 1nto the
pump head 100. As noted, the neck portion 140 further
includes the downward curving portion 130 at 1ts distal end
which directs collected breast milk to the feed channel 150.
Specifically, the downward curving portion 130 curves at an
angle of approximately ninety to one hundred and forty
degrees relative to a longitudinal axis of the neck portion
140 and the centerline of the collection container 120. The
entire mterior surface of the neck section 140, including the
downward curving portion 130, 1s preferably smooth to
prevent surface imperfections from irritating the nipple or
aflecting the extraction and collection of breastmilk. Simi-
larly, the neck portion 140, and especially the downward
curving portion 130 1s shaped so as not to inhibit breastmailk
extraction or collection.

In embodiments of the present invention, a deformable
clastic capsule 180, which i1s preferably filled with an
incompressible material 200, such as liquid, gel or the like,
but which can also be filled with gas or air, 1s positioned in
an opening or pocket 177 defined 1n the neck portion 140. As
positioned 1n said opening 177, a first surface 190 of the
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deformable elastic capsule 180 preferably extends across the
opening 177 and faces the interior of the neck portion 140.
A second surface 195 faces away from the interior of the
neck portion 140. In accordance with embodiments of the
present 1nvention, the deformable elastic capsule 180 1s
preferably hermetically sealed into the neck portion 140.

In embodiments of the present mnvention, the deformable
clastic capsule 180 comprises a single unitary, hermetic unait.
In alternate embodiments, the deformable elastic capsule
180 1s composed of multiple components, sealed together,
and configured to function as a single unitary, hermetic unait.
The deformable elastic capsule 180 can comprise a single
impermeable polymeric membrane, bladder, a hollow cap-
sule, or the like, sealingly mounted relative to the opening
177 1n the neck portion 140 of the pump head 100. In this
regard, the deformable elastic capsule 180 may be hermeti-
cally bonded between this opening 177 and the sides of the
deformable elastic capsule 180 so as to prevent leakage of
breastmilk, or loss of suction or pressure from the 1nterior of
the pump head 100. As so positioned, and as illustrated in
FI1G. 1, the first and second surfaces 190 and 195 of the
deformable elastic capsule 180 respectively define an exte-
rior bottom surface facing into the neck portion 140 and an
exterior top surface facing and/or projecting outside the neck
portion 140. The second surface 195 of the deformable
clastic capsule 180 exterior to the neck portion 140 is
operatively connected to a manual actuator comprising a
pushrod 210 which 1s operatively connected a manual pump
handle 230 with a hinge 220.

In the embodiments 1llustrated in the figures, the deform-
able elastic capsule 180 1s generally positioned on the top of
the breast pump 100 and disposed through an opening 177
tformed 1n the top surface 170 of the neck portion 140. In
alternate embodiments, the deformable elastic capsule 180
may be positioned relative to the bottom of the breast pump
100 so that 1t 1s generally disposed through an opening 1n the
bottom surface 175 of the neck portion, without departing,
from the spirit and principles of the present invention. In
general, reference to the arrangement of the deformable
clastic capsule 180 heremnafter i1s 1n reference to embodi-
ments with said capsule disposed through the opening 177
on the top surface 170 of the neck portion 140, such that the
first surtace 190 of the deformable elastic capsule 180 1s the
“bottom™, “lower” and “interior” surface, facing the interior
of the neck portion 140, and the second surface 195 of the
deformable elastic capsule 180 1s the “top”, “upper” and
“exterior” suriace.

In operation of the pump head 100, the breast (not shown
in FIG. 1) 1s inserted into the funnel-shaped breast shield
portion 110 and the nipple extends into the receiver neck
portion 140. The deformable elastic capsule 180 15 prefer-
ably 1n a relaxed state and allows the nipple to enter the neck
portion 140 unimpeded. The funnel-shaped portion 110
preferably establishes a seal around the breast.

With the mipple so positioned, the handle 230 of the
manual actuator 1s pushed forward and back by the user (as
represented by arrow 240) causing the handle 230 to rotate
around a hinge pivot 250 and thereby moving the pushrod
210 away from or toward the 1nterior axial center of the neck
portion 140 (this motion being represented by arrow 223 in
FIG. 1). The pushrod 210 i1s operatively connected, and
bonded to, the top second surface 195 of the deformable
unitary elastic capsule 180. Motion of the pushrod 210
toward the axial center of the neck portion 140 will apply an
inwardly directed pressure to the deformable elastic capsule
180 and deform the top second surface 195 thereof outside
the neck portion 140. This deformation pressurizes the liquid
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200 1inside the capsule 180 and causes the bottom first
surface 190 of the deformable elastic capsule 180 1nside the
neck portion 140 to deform toward the axial center of the
neck portion 140 (this motion being represented by arrow
260 1n FIG. 1), compressing the nipple (not shown 1n FIG.
1) against the opposing interior solid surface (namely, bot-
tom interior surface 175) of the neck portion 140, thereby
controlling nipple edema. Motion of the pushrod 210 away
from the axial center of the neck portion 140 will apply an
outwardly directed pressure to stretch the top second surface
195 of the deformable umitary elastic capsule 180 outside the
neck portion 140. This deformation decreases liquid pres-
sure 1nside the capsule 180 and causes the bottom first
surface 190 of the deformable elastic capsule 180 1nside the
neck portion 140 to deform away from the axial center of the
neck portion 140, thereby creating a volume within the neck
portion 130, external to the deformable elastic capsule 180,
around and in front of the nipple, to create suction and
extract breastmilk. In FIG. 1, the in/out motion of the second
surface 195 of the deformable elastic capsule 180 outside the
neck portion 140 1s represented by arrow 225.

Alternate designs of the mechanical actuation means to
apply pressure to and manipulate the deformable elastic
capsule can be used without departing from the principles
and spirit of the present invention. As generally illustrated 1n
the Figures, a hinged handle 230 and pushrod 210 mecha-
nism 1s utilized. For example, additional or fewer linkages
can be used to provide the push/pull action. In the alterna-
tive, a cable can be connected to either or both of the handle
230 and pushrod 210 to eflectuate deformation of the
capsule.

In embodiments of the present invention, a preferred
shape of a deformable unitary, hermetic capsule 180 1s
illustrated 1n FIGS. 2A and 2B. However, alternate shapes
can be used without departing from the principles and spirit
of the present invention. As 1illustrated herein, the deform-
able unitary, hermetic deformable elastic capsule 180, is
positioned 1n the opening 177 of the neck portion 140 and
hermetically bonded between this opening and the side walls
ol deformable unitary, hermetic deformable elastic capsule
180 so to prevent leakage of breastmilk, pressure or suction
from the interior of the pump head 100 when in use. As
illustrated, the opening 177 can essentially form a pocket 1n
which the deformable elastic capsule 180 1s seated and
sealed. As seen 1n the FIG. 2B, axial view, section A-A, 1n
its relaxed state, the bottom first surface 190 of the deform-
able elastic capsule 180 facing the interior of the neck
portion 140 1s concave 310 to roughly follow the nominally
cylindrical shape of the neck portion 140. In this regard, the
first surtace 190 1s shaped so that, without detlection, said
first surface 190 and the interior surface 170 of the neck
portion 140 adjacent thereto form a generally unobstructed
cavity within the pump head 100 to receive and position the
nipple of the breast.

When the top second surface 195 of the deformable
clastic capsule 180 outside the neck portion 140 1s mechani-
cally depressed, as shown by arrow 320, and the upper
dotted line, by action of the user manipulating the handle
230 (not shown 1 FIGS. 2A & 2B), and motion of the
pushrod 350 deforming the deformable elastic capsule 180
in a direction toward the axial center of the neck portion 140,
the bottom {first surface 190 of the deformable elastic capsule
180 inside the neck portion 140 deforms inward toward the
axial center of the neck portion 140 as shown by arrow 330,
and the lower dotted line. In embodiments of the present
invention, this inward deformation may be a straightening of
the concave surface and/or a bulging 330 of the bottom first
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surface 190 of the deformable elastic capsule 180, reshaping
it from concave to convex, as illustrated by the lower dotted
line at 330 in FIG. 2B. There may also be bulging 340 of the
bottom first surface 190 of the deformable elastic capsule
180 toward the interior of the neck portion 140 along an
axial line, as illustrated by the lower dotted line at 340 1n
FIG. 2A. In any case, this inward deformation compresses
the nipple (not shown 1n FIG. 2A or 2B) against the opposing,
interior solid surface 175 of the neck portion 140, thereby
controlling nipple edema.

Alternative embodiments for the pump head 100 and
deformable elastic capsule 180, as illustrated 1mn FIGS.
3A-3F, include various living hinge configurations disposed
between the opening 177 in the neck portion 140 and the
capsule 180. It 1s envisioned that these living hinge con-
figurations would typically be an integral part of, and made
from the same material as, the deformable elastic capsule
180. For example, referring to FIG. 3A, the attachment
portion of the living hinge 1s bonded 400 along 1ts sides to
the sidewalls 410 that form the opening 177 in the neck
portion 140. This bond prevents breastmilk, pressure or
suction leakage from the pumping head 100 when in use.
The living hinge also allows increased displacement of the
capsule 180 beyond simple deformation of 1ts shape.

FIGS. 3A, 3B and 3C each show a single-leat living
hinge. When the pushrod 210 1s pushed toward (arrow 420),
the axial centerline of the neck portion 140, the living hinge
assembly can flex inward, as 1llustrated by arrow 430 1n FIG.
3B, or when the pushrod 1s pulled away (arrow 440) from the
axial centerline of the neck portion 140, the living hinge can
flex outward, as 1illustrated by arrow 450 1n FIG. 3C.

FIGS. 3D, 3E and 3F each show a rolling living hinge.
When the pushrod 210 is pushed toward (arrow 460 1n FIG.
3E), the axial centerline of the neck portion 140, the rolling
living hinge can unroll allowing increased inward transla-
tion, as 1illustrated by arrow 470 1n FIG. 3E, or when the
pushrod 210 1s pulled away (arrow 480 in FIG. 3F) from the
axial centerline of the neck portion 140, the rolling living
hinge can roll up allowing the whole capsule 180 to translate
radially outward from the neck portion 140, as illustrated by
arrow 490 in FIG. 3F.

Another alternative embodiment of the present invention
for the pump head 100 1s shown in FIGS. 4A and 4B.
Functionally equivalent to the deformable elastic capsule
180 shown 1 FIGS. 1 and 2, the illustrated capsule 1s
deformable, and hermetic but 1s not unitary, instead 1t 1s
composed of a composite structure. Referring to FIG. 4A,
the outside walls 520 of a deformable 1impermeable poly-
meric membrane 500 are bonded to the mside walls 510 of
a pocket that forms an opening 177 in the neck portion 140
to form a hermetic seal so as to prevent leakage of breast-
milk, or loss of suction or pressure from the interior of the
pump head 100. The mside walls 350 of another deformable
impermeable polymeric membrane 530 are bonded to the
outside walls 540 of the pocket that forms an opening 177
of the neck portion 140 to form a hermetic seal between the
composite capsule and the neck portion 140. An alternate
structure would be to bond the outside walls 580 of the upper
membrane 530 to the inside walls 510 of the pocket that
forms the opening 177 in the neck section 140. Thus, the
composite structure composed of the bottom membrane 500,
the pocket having inside 510 and outside 540 walls and the
top membrane 3530 forms a composite capsule that i1s her-
metic but not unitary. As with the capsule designs 1n FIGS.
1A and 2A, the mterior of the composite capsule 1n FIG. 4A
1s preferably filled with an immcompressible material 555,
such as liquid, gel, or the like.
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The top membrane 530 of the deformable, hermetic
composite capsule 1s deformed by up/down action of a
pushrod 560 which 1s bonded to 1t and i1s operatively
connected to a handle (not shown 1n FIG. 4A). Deformation
of the top membrane 530 causes corresponding deformation
of the bottom membrane 500 which either creates suction 1n
the neck portion 140 or compresses the nipple (not shown in
FIG. 4A). Both actions are functionally equivalent to the
action of the deformable, unitary and hermetic elastic cap-

sule embodiments as described above and pictured in FIGS.
1A and 2A.

Another alternate embodiment of the present invention for
the pumping head 100 1s shown in FIGS. 5A and 5B. As
illustrated, the outside walls 620 of a deformable imperme-
able polymeric membrane 600 are bonded to the inside walls
610 of a pocket that forms the opening 177 in the neck
portion 140 to form a hermetic seal between these inside
walls 610 and the outside walls 620 of the deformable elastic
component 600 so as to prevent leakage of breastmilk, or
loss of suction or pressure from the interior of the pumping
head 100. The top surface of membrane 600 1s deformed by
up/down action of a pushrod 660 which 1s bonded to i1t and
1s operatively connected to a handle (not shown 1n FIG. 5A).
Pressure of the pushrod 660 1s distributed over the top
surface of membrane 600 by a presser foot 670 which 1s an
integral part of pushrod 660. The presser foot 670 1s bonded
to the top surface of the polymer membrane 600. Downward
motion of pushrod 660 will cause membrane 600 to deform
toward the axial center of the neck portion 140 compressing
the nipple (not shown 1 FIG. 5A) against the opposing
interior solid surface 175 of the neck portion 140, thereby
controlling nipple edema. Upward motion of the pushrod
660 away from the axial center of the neck portion 140 waill
retract the elastic membrane 600 thereby creating a volume
within the neck portion 140, external to membrane 600,
around and in front of the nipple, to create suction and
extract breastmilk.

Another alternative embodiment of the present mnvention
for the pump head 100 1s shown in FIGS. 6A and 6B.
Functionally equivalent to the deformable elastic capsule
shown 1n FIGS. 1A, 2A and 4A, this composite capsule 1s
deformable, and hermetic but also detachable from the pump
head 100 for removal and reinsertion, which may facilitate
cleaning of the pump head 100. As 1illustrated 1n FIGS. 6A
and 6B, the inside walls 710 of the pocket that forms the
opening 177 in the neck portion 140 are tapered outward,
essentially forming a 4-sided pyramidal opening. The out-
side walls 720 of the lower deformable impermeable poly-
mer membrane 700 are tapered to the same angle as the
inside walls 710 of the pocket. Conforming to the shape of
the 1mside walls 730 of the lower deformable impermeable
polymer membrane 700 1s a ngid form 740. The outside
walls 750 of this ngid form 740 are bonded to the inside
walls 730 of the lower deformable impermeable polymer
membrane 700. The mside walls 760 of the rigid form 740
are bonded to the outside walls 770 of the upper deformable
impermeable polymer membrane 780. An alternate structure
would be to bond the mside walls 795 of the upper deform-
able 1impermeable polymer membrane 780 to the outside
walls 750 of the rigid form 740. After bonding, a hermetic
composite capsule 1s formed (“hermetic composite capsule”,
has the same meaning as in the description accompanying
FIG. 4A, above). The interior 798 of the hermetic, composite
capsule 1s preferably filled with an incompressible matenal,
such as liquid, gel, or the like, though 1t may also be filled
with a gas or arr.
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To attach the tapered hermetic composite capsule 800 to
the pump head 100, the capsule 800 1s pushed into the
tapered opening of the pocket that forms the opening 177 in
the neck portion 140 until the capsule 800 comes up against
the lower stop 790, which radially positions the composite
capsule 800 1n the neck portion 140. The seal 1s eflectuated
by the elastic polymer walls of the lower polymer membrane
700 being forced out by the rigid form 740 inside and
thereby sealing the composite capsule 800 into the tapered
opening. In operation, up/down motion of the pushrod 810
(which 1s bonded to the top of the upper polymer membrane
780) causes up/down deformation of the upper polymer
membrane 780. This respectively decreases or increases
pressure ol a liquid or gel 798 disposed 1nside the capsule
800, which causes the lower impermeable polymer mem-
brane 700 to deform away from or into the neck portion 140,
respectively causing suction in the neck portion 140 or
compression of the nipple (not shown in FIG. 6A). The
embodiment 1illustrated in FIG. 6A, and the associated
description herein, relate to just one example of a removable
capsule. It will be understood by those skilled in the art that
other forms and details are possible without departing from
the spirit and scope of the present mvention.

Thought the deformable elastic capsule 1 accordance
with the present invention 1s general 1llustrated and
described herein as a “‘capsule”, the deformable elastic
component may also comprise an impermeable polymeric
membrane sealed mto the neck portion 140 and defining a
first surface 190 inside or facing the interior of the neck
portion 140 and a second surface 195 exterior to or facing
away from the interior of the neck portion 140.

In another embodiment, the entire interior surface of
pump head 100 may be covered with a highly elastic
material to form a membrane which covers the inside of
tunnel-shaped shield portion 110, neck portion 140, feed
channel 150 and the surface of the various deformable
clastic components facing into the neck portion 140. Such an
clastic membrane will allow full and unrestricted expansion
and contraction functioning of the deformable elastic com-
ponents while preventing breastmilk collection i small
spaces inside the pump head 100. In another embodiment
this highly elastic membrane may be removable and reus-
able or may be a disposable item. All such configurations
will ease cleaning.

During manual pumping using the pump head 100, breast-
milk 1s directed through the feed channel 150 and one-way
check valve 160, and thereafter collected 1n the collection
container 120. Preferably, the one-way check valve 1s dis-
posed between the neck portion 140 and the collection
container 120 to prevent air leakage from the collection
container 120 into the feed channel 150. Additionally, the
collection container 120 1s attachable to a connection por-
tion, preferably threaded, formed on the feed channel 150 to
form a seal serving to prevent breastmilk leakage from the
collection container 120 when the pump head 100 1s tipped.
An air vent may turther be provided to allow the release of
air from the collection container 120 as breastmilk 1s
pumped 1nto said container 120. In preferred embodiments,
the air vent 1s located at a position upstream from the
connection portion to reduce likelihood that breastmilk will
leak through the air vent when the pump head 100 1s tipped.

In preferred designs, the axial centerline of the collection
container 120 1s offset relative to the axial centerline of the
one-way check valve 160. Further, the axial centerline of the
collection container 120 can be oriented between about a
ninety and a one hundred forty-degree angle relative to the
axial center of the neck portion.
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When the pumping session 1s complete, the user can insert
a finger 1into funnel-shaped portion 110 and possibly into the
receiver neck portion 140 and break the residual suction
between the breast and the tunnel-shaped shield portion 110.
Breastmilk collected 1n the collection container 120 can be
fed to an 1nfant or stored for future use.

The one-way check valve 160 can be removed to facilitate
cleaning the pump head 100. Any residual breastmilk can be
removed from the mterior of the funnel-shaped breast shield
portion 110 and the receiver neck portion 140 via a brush
with soap, detergent and warm water.

Additionally, the features of the present invention may
also be used for milking machines. Specifically, the above
described methods and pump head 100 may be used for the
milking of animals.

Although the present invention has been shown and
described with respect to the detailed embodiments thereof,
it will be understood by those skilled in the art that various
changes 1n form and detail thereof may be made without
departing from the spirit and scope of the invention.

It 1s noted that the Figures are to be taken as an 1llustrative
example only and are not to scale.

Additionally, 1t 1s also to be understood that the termi-
nology used 1t for the purpose of describing particular
embodiments only and 1s not intended to limait the scope of
the claims of the present invention.

What 1s claimed 1s:

1. A device for extracting breastmilk from a breast, said
device comprising:

an external shell including:

a Tunnel-shaped portion configured to receive and seal
against the breast;

a neck portion extending from the funnel-shaped por-
tion and defining a proximal end and a distal end,
said neck portion being adapted to receive and
position a nipple of the breast, and

a feed channel defined at the distal end of the neck
portion; and

a deformable elastic component sealed into the neck
portion and comprising a first surface facing an
interior of the neck portion, a second surface exterior
to the neck portion and facing away from the interior
of the neck portion, and a cavity disposed between
the first surface and the second surface and being
enclosed by the first and second surface;

wherein the first surface of the deformable elastic com-
ponent 1s configured to deform into an interior volume
of the neck portion when pressure 1s applied to the
second surface exterior to the neck portion to move the
second surface, and i1n a direction toward an axial
center of the neck portion such that the first surface of
the deformable elastic component compresses the
nipple to control mpple edema, and
wherein the first surface of the deformable elastic com-
ponent 1s configured to deform away from the interior
of the neck portion when pressure 1s applied to the
second surface of the deformable elastic component
exterior to the neck portion to move the second surface,
and 1n a direction away from the axial center of the
neck portion to create a volume within the neck portion,
external to the deformable elastic component, around
and 1n front of the nipple, to create suction and extract
breastmilk.
2. The device according to claim 1, wherein the first
surface of the deformable elastic component 1s shaped so
that, without deflection, said surface and an interior surface
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of the neck portion adjacent thereto form a generally unob-
structed cavity to receive and position the nipple of the
breast.

3. The device according to claim 1, Wherein pressure 1s
applied to the second surface of the deformable elastic
component 1n a direction either toward or away from the
axial center of the neck portion by a mechanical means
which 1s manually controlled by the user.

4. The device according to claim 3, wherein the mechani-
cal means comprises a handle and a pushrod interposed
between said handle and the second surface of the deform-
able elastic component, wherein said handle can be manipu-
lated by the user to apply pressure to the second surface 1n
direction either toward or away from the axial center of the

neck portion via the pushrod.

5. The device according to claim 1, wherein the deform-
able elastic component comprises a single impermeable
polymeric membrane sealed into the neck portion and defin-
ing the first surface facing an interior of the neck portion and
the second surface exterior to the neck portion.

6. The device according to claim 1, wherein the deform-
able elastic component comprises a hollow capsule sealingly
mounted within an opening in the neck portion such that the
first surface 1s positioned facing the interior of the neck
portion.

7. The device according to claim 6, wherein the capsule
comprises a single unitary, hermetic unit.

8. The device according to claim 6, Wherein the capsule
1s composed of multiple components sealed together and
configured to function as a single umtary, hermetic unait.

9. The device according to claim 6, wherein the capsule
1s filled with one of a liquid, a gel or a gas.

10. The device according to claim 6, wherein the capsule
1s detachable from the neck portion.

11. The device according to claim 6, wherein a flexible
clement 1s disposed between, and hermetically sealed to the
hollow capsule and the neck portion such that when pressure
1s applied to a second surface of the hollow capsule 1n a
direction either towards or away from the axial center of the
neck portion, the entire hollow capsule can move 1n a
direction either towards or away from the axial center of the
neck portion, thereby increasing deflection of the first sur-
face of the hollow capsule.

12. The device according to claim 1, further including a
collection container connected to the feed channel to receive
breastmilk.

13. A milking machine for extracting milk from a breast
comprising;

an external shell including:

a Tfunnel-shaped portion configured to receive and seal
against a breast;

a neck portion extending from the funnel-shaped por-
tion and defiming a proximal end and a distal end,
saild neck portion being adapted to receive and
position a nipple of the breast; and

a feed channel defined at the distal end of the neck
portion;
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a deformable elastic component sealed into the neck
portion comprising a first surface facing an interior of
the neck portion, a second surface exterior to the neck
portion and facing away from the interior of the neck
portion, and a cavity disposed between the first surface
and the second surface and being enclosed by the first
and second surface; and

a mechanical actuation device, controlled by the user,
operatively connected to the second surface of the
deformable elastic component;

wherein, under pressure applied to the second surface of
the deformable elastic component 1n a direction toward
an axial center of the neck portion to move the second
surface, the first surface of the deformable elastic
component 1s configured to deform inwardly toward the
axial center of the neck portion such that the first
surface of the deformable elastic component com-
presses the nipple to control nipple edema, and

wherein, under pressure applied to the second surface of
the deformable elastic component 1n a direction away
from the axial center of the neck portion to move the
second surface, the first surface of the deformable
clastic component 1s configured to deform outwardly,
away Irom the axial center of the neck portion to create
a volume within the neck portion, external to the
deformable, elastic component, around and 1n front of
the nipple, to create suction and extract breastmilk.

14. The milking machine according to claim 13, wherein
the deformable elastic component comprises a single imper-
meable polymeric membrane sealed into the neck portion
and defining the first surface facing an interior of and the
second surface exterior to the neck portion.

15. The milking machine according to claim 13, wherein
the deformable elastic component comprises a hollow cap-
sule sealingly mounted within an opeming in the neck
portion.

16. The milking machine according to claim 15, wherein
the capsule comprises a single unitary, hermetic unait.

17. The milking machine according to claim 15, wherein
the capsule 1s composed of multiple components sealed
together and configured to function as a single unitary,
hermetic unit.

18. The milking machine according to claim 15, wherein
the deformable elastic capsule 1s filled with one of a liquid,
a gel or a gas.

19. The milking machine according to claim 15, wherein
a flexible element 1s disposed between, and hermetically
sealed to the hollow capsule and the neck portion such that
when pressure 1s applied a second surface of the hollow
capsule 1n a direction either towards or away from the axial
center of the neck portion, the entire hollow capsule can
move 1n a direction either towards or away from the axial
center of the neck portion, thereby increasing deflection of
the first surface of the hollow capsule.

20. The milking machine according to claim 13, further
comprising a collection container connected to the feed
channel to receive breastmilk.
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